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Introduction

According to legislative direc-
tives, Canada is to manage her na-
tional parks “so as to leave them
unimpaired for ... future generations
[and] ... ecological integrity ... of
natural resources shall be [given]
first priority ...."(Woodle Emmv. To
comply with these legal mandates,
Bantf National Park implemented
ccosystemr-style management and be-
gan a study of the states and pro-
cesses that structured the Central
Canadian Rockics Ecosystem over
the last several thousand years. For
as Aldo Leopold noted over 40 years
ago, “if we are serious aboul restor-
ing [or maintaining] ecosystem
health and ecological mtegrity, then
we must know what the land was like
to begin with®™ (Covington and
Moorce 1994:45). Banff was estab-
lished as Canada's first national park
in 1885 and is often regarded as the
:mmnur:u of that country's national
park system.

Aspen (Populus tremuloides), elk
Cervus elaphus), wolves (Canis [upus),
ire, and humans were selected as
key indicators because they effect
both ecosystem structure and func-
tion, and because they represent the
mwonmam and processes nost suscepti-
ble to change during the period of
European influence (Woodley 1993,
Woodley ct al. 1998, Angermeier and
Karr 1994). We then developed a
simplified model linking these ele-
ments in the Banf{tf Ecosystem (Figure
1). The elements and linkages in the
model ali have value as indicators of
ecological integrity (Kay 1991a,

1991b; Woodley and Theberge 1992),
and are understood, at least to some
degree, from previous research and
monitoring (White ct al. 1994),

The Questions

Observations suggest that the
area occupied by mﬂ%o: has de-
creased since Banff National Park
was established, but are the park's
aspen annzsm:m because fires have
been suppressed for the last 100 or
50 years, or is it due primarily to un-

late browsing? 1f burned, will
anff's aspen stands be able to suc-
cessfully regenerate, despite elk
browsing, as has been postulated in
other ecosystems (Despain et al.
1986).

Aspen rarely grows [rom seed
due to its demanding seed bed re-
quirements, and there are no known
instances of aspen clones having es-
tablished from seed on natural sub-
strates anywhere in the Intermoun-
tain West (Kay 1993), It is thought
that environmental conditions have
not been conducive to clonal estab-
lishment since shortly after the
glacicrs retrcated 10,000 or more
years mmo (McDonough 1985, Jelinski
and Cheliak 1992). So, the aspen
clones found in the central Canadian
Rockics today have likely maintained
their presence on those sites for
thousands of years via vegetative re-
generation. If aspen are lost due to
advancing forest succession or over-
grazing, there are no known means
of reestablishing those stands.

Elk are now the most abundant
ungulate in Banff's Bow Valley and
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other parts of the Canadian Rockies,
but are these populations reflective
of past conditions or have they
changed due to Europcan influ-
n:nnm.m What was the historical and
pre-Columbian distribution and
abundance of elk and other ungu-
fates in the central Canadian Rock-
ies? Were clk as abundant in the
past as they are today?

According to some researchers,
fires sct by Native Americans are
thought to have been unimportant
and not to have substantially con-
tributed to the arca burned in pre-
historic times (Byrnc 1968, Johnson
et al. 1990, Johnson and Larsen
1991). Others, though, have pre-
sented evidence that aboriginal
burning was widespread and impor-
tant throughout western North Amer-
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ica (Lewis 1973, 1980b, 1982a, 1990a,
1990b, 1992, 1993; Barrett 19803,
1980b, 1981; Barrett and Amo 1982;
Amo 1985; Gruell 1985; Boyd 1986,
Reid 1987). In northern Alberia, for
instance, anthropologists reported
that native peoples set fires for at
least 17 different reasons (Lewis Gq.w.
1980a, 1982b; m.n_.m.:mo: 1979; Lewis
and Ferguson 1983). Even in British
Columbia with its wetter climate,
aboriginal burning was still once
widespread (Gottesfeid 1994), but
now _.nn abundance and productivity
of some traditional foods, such as
berries and various root crops, is
said by aboriginal leaders to have
decreased in recent decades due to
active fire suppression practices of
the provinciai government (Turner
1991).

ey
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What is and was the role of fire
in the Banff Ecosystem, and did na-
tive peoples once structure the park's
plant communities by accidentally
or intentionally setiing fires? Were
fires started primarily by lightning,
often called “natural ‘fires,” or were
Native Americans the main source of
ignitions? Determining how fires
started is critical because, “fires set
by hunter-gatherers differ from
(lightning] fires in terms of sea-
sonality, frequency, ::a:m:m. and
W:Eo: patterns” (Lewis 1985:75).

ost aboriginal fires were set in the
spring, between snowmelt and vege-
Lation greenup, or late in the fall
when burning conditions were not
severe. Unlike lightning fires, which
tend to be infrequent high-intensity
infernos, native buming produced a
higher frequency of lower-intensity
fires. So, aboriginal burning and
lightning fires create different vegela
tion mosaics, and in many instances,
cntirely different plant communitics
(White 1975, Emnmg:‘: and Ander-
son 1993). Moreover, aboriginal
burning reduces or eliminates the
number of high-intensity, lightning-
mn:n_.m:.oa fires (Pyne wwmw. Hmmm.
991, 1993; Reid 1987:34).

Besides burning, what impact
did Native Americans have on the
Central Canadian Rockies Ecosystem
prior to European arrival? Did Na-
tive Americans have minimat envi-
ronmental impacts, or were they
keystone predators that structured
the entire ecosystem? Did hunting
by Native Americans determine the
distribution and abundance of ungu-
lates, and especially elk, in prehis-
toric times?

Methods

To address these questions, we
gathered data from a number of dis-
ciplines and employed methods
commonly utilized in those fields. If
these varied types of evidence m:ﬁv
port a single conclusion or a single
set of conclusions, our findings will
be very robust because the individ-
ual data sets are independent,

termed consilience (Gould 1989;289.
284).

Many people have used sclected
quotes from historical journals as ev-
idence that certain ungulates were or
were not abundant during the late
1700s and early 1800s (Byrne 1968;
Nelson 1969a, m.wmwc. 1970). With se-
lective quotations, however, there is
always a question of whether or not
the author included only those pas-
sages that supported some precon-
ceived hypothesis. To overcome any
problems of bias, we systematically
rccorded all observations of ungu-
lates and other large mammals
found in first-person historical ac-
counts of exploration in the central
Canadian Rockics from 1792 to 1873,
We then tabulated those data in
three ways (Kay 1990, in press). First,
animals scen; second, game sign en-
countered or referenced; and third,
animals shot or killed. For this anal-
ysis, we divided the Central Cana-
dian Rockics Ecosystem into three
mnom_.mv:mn regions—the Alberta

oothills, the Rocky Mountains, and

the Columbia Trench, Thus, we de
veloped three historical wildlife
mmm:::m.m tables for each region or a
total of nine tables (Kay et al, 1994).

To determine the relative abun-
dance of ungulate species in pre-
Columbian times, we reviewed all
available reports for archacological
sites in the southemm Canadian Rock-
ies. This included the Alberta
Foothills from the U.S. border north
to the Smoky River, the Rocky
Mountains from Montana to Jasper
National Park, and the entire
Columbia Trench including the
Kootenay, Columbia, and Canoce
River .B:n“\m. In all, we consulted
more than 200 studies. We also con-
ducted an extensive review of the ar-
chacological literature on site forma-
tion processes so that we could make
informed interpretations from the
available archaeological record.
Taphonomic and transportation
questions were given major consid-
eration. Morecover, wé reviewed
cthnographic material for peoples




who inhabited the Canadian Rockics
and the Intermountain West at his-
torical contact. .

Next, we reviewed over 500 his-
torical photographs of the central
Canadian Rockies obtained from the
Whyte Museum of the Canadian
Rockies, the Glenbow Museum, the
Geologic Survey of Canada Photo
graph Archives, and Canada's Na-
tional Air Photograph Library. To
obtain a regional perspective, we
then selected 14 historical pho-
tographs for mm.:.aa comparison with
current retakes of montanc eccore-
ions along the North Saskatchewan,
m_om Deer, Bow, and Columbia
Rivers. The repeat photosets were
analyzed using established tech-
niques to evaluate long-term vegeta-
tion changes and fire history pararm-
cters (Rogers ct al. 1984).

To quantify the fire component
of our ecosystem model, we first de-
veloped a submodel of fire activity
in ﬁﬁo Rocky Mountains which we
then used as a framework for a de
tailed review of fire history rescarch
conducted in Wyoming, Montana,
Idaho, Alberta, and British Colum-
bia. We consulted studies on den-
drochronology, written records (ex-
plorer diaries and fire reports), his
torical photographs, stand age
analysis, fire frequency, ignition
sources, burn patterns, and native
cthnographies,

Finally, we surveyed and pho-
tographed aspen stands throughout
Banff Nationa! Park, plus we e¢valu-
ated aspen at three locations adja-
cent to the park, Kootenay Plains,
the Ya Ha Tinda, and the area from
Eastgate to Canmore, Alberta. This
allowed us to compare aspen stand
dynamics inside the park, where as-
pen have been subject to high elk
populations, with areas outside the
park where ¢lk numbers have been
controlled by hunting, but where the

eneral climate is similar (Kay 1985,
?@8. In addition, we _.Jvroﬁo.
graphed existing aspen exclosures
m:%mcﬁnwna all aspen burned un-
der Banfl's prescribed fire program
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(White and Pengelly 1995, White et
al. 1994), before measuring represen-
tative stands.

Results and Discussion
Based on re om.%rogo raphs,
aspen in BanfT's Bow Valley has de-
clined precipitously since that na-
tional park was established. Immedi-
ately outside the park where elk
numbers are lower, however, aspen
continues to flourish. Aspen has also
successfully regencrated inside
Banfl's exclosures while it has de-
clined on adjacent outside plots
suggesting that repeated clk brows-
ing, not climatic change, is respon-
sible. Aspen has also declined with
advancing forest succession, .9:
even when burned, aspen has failed
to successfully regenerate due to
repeated clk browsing. While aspen
is often thought to be a scral species,
successional replacement of aspen
by conifers is not normal because
aspen does not commonly repro-
duce from seed. Although aspen has
maintained its presence in Banfl's
vegetation mosaic for thousands of
years, it is now disappearing from
the park. Clearly, something is
different today than in earlier times.
Morcover, the very persistence of
aspen in the central Canadian
Rockies over the millennium, indi-
cates that ungulate use, and cs
pecially elk browsing, was not as

intense in the past as it is now.
The ecology of mmwos also sug-
ests that aboriginal burning may
mm...o been more important than
lightning fires in structuring pre-
Columbian vegctation communities.
Historical photographs and fire fre-
quency studies indicate that aspen
burned at frequent intervals in Banf
f's Bow Valley prior to park estab-
lishment. Aspen, however, will carry
fire only when it is leafless and when
understory fuels are dry, conditions
which occur only in ecarly spring or
late fall (Fechner and Barrows 1376,
DeByle et al. 1987). During both
those periods, though, there are few
lightning strikes and virtually no
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lightning fires in the Canadian Rock-
ies (White 1985, Johnson and Larsen
1991), something that is true
throughout the range of aspen in
western North America. Thus, if as-
pen burned ?nM:n:% in the past as
data u:mwouﬂ it did, then the vast ma-
jority of those fires were likely sct by
native peoples.

Repeat photographs, historical
observations, and Tire ccology data
all indicate that frequent, low-inten-
sity, fires were once the norm in
Banff's Bow Valley and in other
monlane regions of the Canadian
Rockies. Grasslands, open forests, as-
pen, and shrubfields were once com-
mon, but have now largely been
_,.M.Em.“na by conifers under 100 ycars
of fire exclusion and suppression
(Figure 2). Forests have both Erown-
up and thickened-up since BanfT Na-
tional Park was established setting
the stage for high-intensity crown
fires, something that seldom oc-
curred in the past.

Worldwide patterns of aboriginal
burning plus repeat photographs
and other fire frequency data all in-
dicate that most montane prairics,
meadows, and open-forests seen in
the Canadian Rockics ca. 1800 were
the product, primarily, of aboriginal
not lightning fires. The available evi-
dence suggests that native pecoples
would also have started fires in other
parts of the park and that fires set in
valleys io:ﬂ* have spread upslope
and burned higher-elevation forests
more frequendy than lightning fires
alone. That is to say, the vegetation
as first seen by Furopeans ca. 1800
was not as it had been crafted by
God, but as it had been created by
native coples (Hallam 1975, Schule
1990, Martinez 1993).

Repeat photographs, aspen eco-
logy, historical observations, and
archacological data, all indicate that
¢lk are more abundant in BanfT's
Bow Valley today than at any point
in the past. There is no evidence that
current clk densities are reflective of
conditions at park establishment or
in pre-Columbian times. Between
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1792 and 1872, for instance, 26 dif-
ferent expeditions spent 369 days
traveling through the Canadian
Rockics on foot or horseback yet re-
ported sceing clk on only 12 occa-
sions or once every 31 party-days
(Table 1). Similarly, few clk bones
have been recovered from archaco-
logical sites in the Canadian Rockics
ﬁm“v_n 2), a pattern that is true
throughout western North America
(Kay 1990, 1992). Moreover, archaco-
logical data suggest that all ungulate
species were relatively rare in pre-
olumbian times (Kay 1994),
Predation by wolves and grizzly
bears (Ursus arctos) is one factor that
would have limited ungulate num-
bers in pre-Columbian time, but re-
cent predation has not lowered elk
opulations enough in Banff or
-ﬂ: er National Parks to permit
widespread aspen regeneration, even
in _mam.m arcas burned by wnnmnﬂmvoa
firc. We recognize, though, that ex-
tensive human development in many
park areas is impacting predator- rey
relationships. m:.__:::nn_ clk have
habituated to high human use levels,
but wolves and grizzly bears remain
wary of developments, or habituated
individuals have a high mortality
rate if they frequent highways, cam
ounds, or townsites (Purves ct al.
992, Paquet 1993, White et al. 1994),
Since aspen are not qcmoznaznm
in_remote areas where wolves an
grizzly muoW:_m:o:m have not been
substantially impacted, however, we
suggest that another facior helped
limit past ungulate numbers—Natjye
Americans, Archacological data in-
dicate that Native Americans made
extensive use of BanfT National Park
and surrounding areas for at least
the Iast 10,000 years. The Canadian
Rockies were not a cultural backwa-
Ler uninhabited by native peoples, as
some have su gested. Instead, the
mountains, foothills, and the
Columbia Trench have always been
home to substantial numbers of na-
tive peoples.
It has long been known, how-
cver, that Native Americans lacked
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Figure 2a. Hoodoos near Banff townsite viewed southeast in ca. 1890 and
1981. The south-facing grassy m_o%cm above the Bow River; the open,

widely-scattered, mature Douglas fir (Preudotsuge menziesii); and the dead
snags suggest that low-intensity ground fires were common prior to
establishment of Banft National Park. There is no evidence of recent
crown lires as would be the cas il the Bow Valley had been heavily
forested only to have been ravaged by fires associated with carly railroad
construction or Europewn scttlement. So, the open nature of the
vegetation depicted in the carliest photos is not an artifact ol European
making, but nstead is representauve of conditions that existed in the
Bow Valley before Europeans arrived. Studies indicate that light ground
fires swept this area in 1845, 1851, 1860, 1867, and 1876. Photo courstesy of
the Whyte Museum of the Canadian Rockies (WMCR-NG5.-22).
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Figure 2b. That same area 91 years later. With the exclusion of fire, conilers

have increased markedly, replacing what was once a grassland-shrub
community, and reducing its value as ungulate winter range. The forest
has grown to such an extent that, under the right conditons, it would
now support a stand replacing crown fire, something that could not have
happened 100 years ago. These slopes are among the driest in the park
and conifer encroachment has been even more severe on other sites. A
1981 retake is shown instcad of a 1994 photo because the conifers now
completely obscure the Hoodoos and block the original photopoint.
Banff Warden Office photo (BNP-SIA-18).
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Numbsr of ungulates and other large antmals observed
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Table 2. Ungulate remains recovered from m_.nrmno_ompnm_ sites in Banff
National Park. Included are data from six sites in the Bow Valley that

1

km o i 7 date from 10,700 to 100 BP., Today, :.no.n:ﬁm:m bison are absent while
5k e : : clk make up rouoghly 50% of the ungulate population. Moose and
Chl mountain goats are still rare but deer have increased relative to bighorn
= - - - sheep, which are still common. For details and citations to the original
E¥ SR o archacological reports see Kay et al. (1994).

Q

Percent of identified specimens

cal journals sce Kay et al. (1994).

2
g
[ ]
°
=
3
g
m.. Mecasure Elk Bison Deer  Bighorn Moose  Goat
g
o : - Du NISP* (n=566) 7 47 7 39 <1 <1
& o MNI** (n=78) 6 42 12 37 1 1
R, o0
5
= *NISP = Number of identified specimens
. . n .o sz o Mh **MNI = Minimum number of individuals.
—d
=5, Bison (Bison-bison), Deer (Odoicoiles heminus and O, virginianus), Bighom (OQvis
R L -~ - o« gve o o : rm.m canadensis), Moose (Alces alces), and goat (Oreamus americanus).
52 immunological resistance to Euro- Another common misconcep-
L o - - A 2 o pean discases and that many epi- tion is that Native Americans were
& demics reduced aboriginal numbers original conservationists who were
o e o g & by 50% 1o 90% at cach passing. Only  too wisc and knowledgeable to over-
B2 recently, though, has it been shown exploit their environment. This be-
EE that many epidemics swept in ad- il has a long history in the popular
c BHB—R— ® = e . e e . E 5 vance of cven the carliest cxplorers, m_.nmm and can be traced to
EE OB Dobyns (1983) postulated that Native Rousseau's concept of the “noble
2 American populations were severely  savage.” Diamond {1988, 1992),
e o - @ = : =3 reduced How to 200 years before the Butzer (1992), Denevan (1992),
EE ’ g first European chroniclers. Ra Heinen and Low (1992), Alvard
4 Eozo.,mf,ﬁmvmd. who tested Uocw:m. (1993a, 1993b, 1994), and others,
5 e - 6 Niid @ © B wwe ~ - o I = hypothesis against the archacological however, have concluded that for
mm, 5 Someewgte = 8 2R M record, found that the tribes along  humans conservation s seldom an
vl

the middle Missouri River were dec evolutionary stable strategy. More
imated by European disease ca. 1600 s ecifically, Kay (1994) postulated
A.D., two hundred years before the at Native Americans had no cffec-
arrival of Lewis and Clark (1893). tive practices 1o conserve ungulates.
Taking this factor into consideration,  Instead, all native hunters are cssen-
scveral authors have recently revised tially ovw.o_.E:w:n and tend (o take

Trip Leagth
[daya)
hat were not reported. For de

als observed by early explor

3 - pre-1492 aboriginal population esti- high-ranking ungulates regardless of
B G - 5RERRSSN = ¥ =Z®s 8 ¥ 0 BQE 2 5 3 5K mates for North America u wards by  the size of the pre populations or
2 e wwaamwmmm 2 Z B =T B = Iz =2 2 I 23 as much as tenfold, to 100 million the likelihood of those animals be-
T . or more, Clearly, North America was coming extinct. Morcover, native
o — - - . r 3
v 4 v 7 = not a “wilderness” waiting to be  hunting and predation by carnivores
< — > 4 ca £ . © e £ “y: » . se :
R S - YSRSS A,EzEg:rnoe ;R ¥o¥Zf5e =3 discovered”™ but instcad was home are a ditive and once worked in
LTED SSeST oI ITETES S, qwmwww.mwmmm@ mw £nes2 M 2 to millions of aboriginal peoples be-  concert to reduce ungulate numbers
B R e eeleuEatlns sl s R R - Lo fore European-introduced discases (Fi re 3),
MSTo.?EQNI_HﬁGdeICIZZ afdlda-oz Sg3vs 558 - : P : gu
ceT3ac932555aaD3c5T s m,vma..amemsaamnj vS decimated their numbers (Bowden
,mlm isiBoewr-t & Sescd 8 £ 34508 2 3 fas 2 1992, Gomez-Pompa and Kaus 1992, Conclusions
5 5w - 6 & © @ ¢ - o A = Simms 1992, Birkedal 1993, Martines, The Banff of today is not the
L 1993), Banff of the 1880s, and neither are
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igure 3. Model of Alaskan wolf-ungulate interactions simulated under

H.,_mcn_.:.nwaﬂmnnnm in which human harvest of moose triggered a SE:.ov:_m
decline in both predator and prey. Without hunting, wolves, Eowmo .w_n_
Dall sheeQ (Ovis dafli) numbers are low, but relatively stable. e
addition of a small amount of human moosc harvest, roina_.o?
destabilizes the entire system. Even after hunting is halted, wolves
continue 10 drive the moose population downward. The wolves then
switch to Dall sheep and drive those numbers down as well. In this
simulation, wolves go extenct before they can kill the few qnamiﬂwm
ungulates, allowing prey populations to recover. This would not do_u c
case, though, if humans continued to prey on the ungulates. Grizzly bear
{Ursus arctos) predation on newborn moose calves, and to a lesser extent
adults, is also important in this system, but H.?ﬁ _.mnﬁoq.imu not E.OQn_nnM.
scparatcly. Instead, grizzly predation was included in calculation o_
moose survival rates internal to the modcl. Adapted from Walters ct al.
(1981). S¢ suggest that in pre-Columbian times, the combined effect of
carnivorous predation and native hunting kept ungulate vowc_m:o.:m at
very low levels, except where the prey had refugia in time long-distant
migrations} or space vamw 1984).

logical integrity based on pre
Columbian ecosystem states and
processes will keep personal biases
and politics to a minimum, as well
as preserve biodiversity within the
environment to which it is best
uamwﬁn.
t must be remembered, though,
that doing nothing, so called
“natural regulation™ or “hands-off
management, is really a value
Jjudgement and a decision that has
wide-ranging consequences (Wagner
et al. in-press). In Banff, for instance,
following the status quo mecans,
among other things, that (1) elk will
conunue to dominate the ungulate
communily especially in Banff town-
site and developed areas avoided by
wolves and other wqoam.oa. (2) as-
en will eventually be climinated
rom most of the m«oi Valley along
with other species, (3) bio iversity
will continue to decline as the forests
age and replace grasslands in the ab-
sence of frequent low-intensity fires,
and (4) forest fuels will continue to
accumulate setting the stage for high-
intensity crown fires that could not
only threaten park developments
and human life, but which could
also create burn patterns unlike any
previously seen in BaniT,
Throughout North America,
most national parks, wilderness ar-
cas, and nature rescrves are man-
aged to represent the conditions that
existed in pre-Columbian times; i.e.,

so-called natural or pristine condi-
tions. But what is natural? If Native
Americans repeatedly fired the vege-
tation and in combination with other
predators limited ungulate numbers,
which, in tum, determined the struce
ture of entire plant and animal
communities, that is a completely
different situation than letting nature
take its course today (Martinez 1993,
Wagner and Kay 1993, Wagner ct al,
in press). Morecover, Canada, like
many countrics, has chosen to use
her national parks as baseline refer-
ence areas from which o judge the
health of other, more developed
ccosystems (Woodley et al. 1993:151-
153). But again, what is natural? If
ccological conditions in Canada's
national parks arc changing due to
reduced predation on ungulates and
lack of aboriginal burning, as we
have argued, then are those parks
the proper standard with which to
measure ecosystem health and eco-
logical integrity in other arcas?

Clearly, the only hope in answer-
ing these and similar questions rests
with studies that focus on historical
ecology and how ecosystem states
and processes have changed over
time (Wagner ct al. in press). To
again quote Aldo Leopold, “if we are
scrious about restoring ecosystem
health and ecological integrity, then
we must know what the land was like
to begin with™ (Covington and
Moore 1994:45),
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